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ABSTRACT 

Two design a l t e r n a t i v e s  are proposed which a l l o w  
t h e  t e l e v i s i o n  t r a n s m i t t e r  power of t h e  LCRU t o  be reduced 
from t e n  w a t t s  t o  f i v e  wa t t s .  These are 1) reducing t h e  
t r a n s m i t t e r  power t o  f i v e  w a t t s  w h i l e  maintaining t h e  antenna 
s i z e  equ iva len t  t o  t h a t  of a 30 inch p a r a b o l i c  reflector and 
2 )  reducing t h e  t e l e v i s i o n  t r a n s m i t t e r  power t o  f i v e  w a t t s  
and i n c r e a s i n g  t h e  antenna s i z e  t o  t h e  equ iva len t  of a 42 
inch p a r a b o l i c  r e f l e c t o r .  These changes would reduce the  
heat d i s s i p a t i o n  problem and depending on t h e  usage duty  
c y c l e  of t e l e v i s i o n  could poss ib ly  reduce b a t t e r y  weight. 

The f i rs t  a l t e r n a t i v e  should have l i t t l e  effect  on 
t h e  performance of c o l o r  t e l e v i s i o n  (2MHz video bandwidth) 
when t h e  s i g n a l  i s  rece ived  by a s t a t i o n  of t h e  MSFN equipped 
w i t h  a 210 f o o t  diameter antenna. To o b t a i n  good q u a l i t y  
slow scan black and w h i t e  t e l e v i s i o n  (video bandwidth of 
500KHz) a t  an MSFN s t a t i o n  equipped w i t h  an 85 f o o t  diameter  
antenna w i l l  r e q u i r e  a bandpass f i l t e r  of approximately 
2.5MHz be i n s t a l l e d  i n  f r o n t  of t h e  wideband F M  demodulator. 
If system elements a r e  s p e c i f i e d  as maximum loss or minimum 
g a i n ,  s u f f i c i e n t  margin should e x i s t  i n  t h e  system t o  i n s u r e  
adequate t e l e v i s i o n  performance fo r  t h i s  a l t e r n a t i v e  des ign .  

The second a l t e r n a t i v e  provides  t h e  same margin as 
t h e  system being proposed w i t h  t h e  cost being a l a r g e r  antenna. 
Reevaluation of  t h e  use  of a l a r g e r  antenna seems t o  be i n  
o r d e r ,  p a r t i c u l a r l y  i f  t h e  LCRU w i l l  always be t r a n s p o r t e d  by 
a Lunar Roving Vehicle. 
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MEMORANDUM FOR FILE 

The LCRU i s  intended t o  provide a s t r o n a u t  t o  e a r t h  and 
ear th  t o  a s t r o n a u t  communications from the  luna r  s u r f a c e  when 
t h e  a s t r o n a u t s  are o u t  of  l ine-of -s ight  of the Lunar Module. The 
proposed design for  t h i s  u n i t ,  I b e l i e v e ,  could be modified w i t h  
the  goal of reducing i t s  phys ica l  s i z e  as w e l l  a s  weight while  
main ta in ing  s u f f i c i e n t  communications performance. Two 
a l t e r n a t i v e s  are proposed, both aimed a t  reducing t h e  amount of 
heat t h a t  would have t o  be d i s s i p a t e d  and poss ib ly  the  prime 
power r equ i r ed  and hence the weight of t h e  batteries.  These t w o  
a l t e r n a t i v e s  are 1) reduce the  power of t h e  t e l e v i s i o n  
t r a n s m i t t e r  from 'ten wa t t s  t o  f i ve  w a t t s  w h i l e  maintaining t h e  
antenna s i z e  a t  t h a t  equ iva len t  t o  a 30 inch p a r a b o l i c  reflector,  
and 2) reduce the power of the  t e l e v i s i o n  t r a n s m i t t e r  f r o m  t e n  
w a t t s  t o  f i v e  and i n c r e a s e  the  equ iva len t  antenna s i z e  t o  t h a t  
of  a 42 inch  p a r a b o l i c  r e f l e c t o r .  

The f i rs t  a l t e r n a t i v e  reduces t h e  rece ived  s i g n a l  level  
a t  the MSFN ground s t a t i o n  by 3dB whi le  the  second a l t e r n a t i v e  
provides  the  s a m e  s i g n a l  l e v e l  as t h e  proposed system b u t  a t  a 
cost of increased  antenna s i z e .  The r a t i o n a l e  behind these t w o  
a l t e r n a t i v e s  and t h e i r  communications performance i s  d i scussed  i n  
t h e  subsequent paragraphs.  

The f i r s t  a l t e r n a t i v e  reduces t e l e v i s i o n  t r a n s m i t t e r  
power while  maintaining a l l  other  system parameters.  The 
n a t u r a l  ques t ion  i s ,  "So w e  buy a l o w e r  thermal load and less 
b a t t e r y  d r a i n ,  w h a t  happens t o  t e l e v i s i o n  performance when w e  
l o w e r  the  rece ived  s i g n a l  power by a f a c t o r  of 2 (3dB)?". As a 
s t a r t i n g  p o i n t ,  I want t o  p r e s e n t  the c u r r e n t  (2-3-70) LCRU 
des ign  and compare i t s  performance w i t h  t h a t  of t h e  LM and CSM 
t e l e v i s i o n  l i n k s .  T h i s  comparison is  presented  i n  Table I. The 
data i n  Table I i n d i c a t e s  t h a t  t h e  c u r r e n t l y  proposed LCRU des ign  
f o r  t e l e v i s i o n  t ransmiss ion  provides  s i g n a l s  a t  t h e  MSFN t h a t  are 
comparable t o  t h a t  of e i the r  the  CSM o r  t h e  LM us ing  t h e i r  
steerable antennas.  The d a t a  i n  Table I also i n d i c a t e s  an 
impor tan t  d i f f e r e n c e  i n  t h e  co lo r  t e lev is ion  channel as compared 
t o  t h e  s l o w  scan b lack  and w h i t e  channel.  Comparable s i g n a l  
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des igns  f o r  c o l o r  and b lack  and w h i t e  s l o w  s c a n  t e l e v i s i o n  would 
y i e l d  t h e  same s igna l - to-noise  r a t i o  a t  a given receive s t a t i o n .  
Comparison of l i n e  i t e m s  1 0  and 11 on Table  I shows t h a t  t h i s  i s  
n o t  t h e  case. The wideband c o l o r  system i s  more l i k e  an AM 
system whi le  t h e  narrow band s l o w  scan b lack  and whi te  system 
does d e r i v e  t h e  advantage of FM. This i s  a s i g n i f i c a n t  p o i n t  
when cons ide r ing  a reduct ion  of LCRU t r a n s m i t t e r  power of 3dB. 
For color t e l e v i s i o n  t o  a s t a t i o n  equipped wi th  a 2 1 0  f o o t  
d iameter  antenna,  reducing the  LCRU t r a n s m i t t e r  power from t e n  
w a t t s  t o  f i v e  r e s u l t s  i n  a 3dB reduc t ion  i n  v ideo  SNR (peak-to- 
peak s i g n a l  t o  rms n o i s e ) .  T h i s  would probably n o t  be a 
s i g n i f i c a n t  change t o  most viewers and indeed would s t i l l  
provide a b e t t e r  c o l o r  t e l e v i s i o n  p i c t u r e  than  a CSM t r a n s m i t t i n g  
t o  an MSFN s t a t i o n  equipped with an 85 f o o t  antenna (which 
exper ience  has  shown t o  be a p i c t u r e  of  u sab le  q u a l i t y ) . *  This 
same t h i n g  i s  n o t  t r u e  when cons ider ing  t h e  t ransmiss ion  of  t h e  
slow scan b lack  and white  t e l e v i s i o n  s i g n a l  t o  an MSFN s t a t i o n  
equipped wi th  an 85 f o o t  diameter antenna: Table I shows t h a t  a 
3dB reduc t ion  i n  LCRU t r a n s m i t t e r  power reduces t h e  r ece ived  SHR 
t o  5.6dB ( i n  a 5,3MHz bandwidth) which i s  below t h e  ground 
s t a t i o n s  demodulator threshold.  Te lev is ion  p i c t u r e  SNR i s  
d i f f i c u l t  t o  c a l c u l a t e  below th re sho ld  and i s  u n r e l i a b l e .  There 
is  a s o l u t i o n  t o  t h i s  problem, however; t h e  m o s t  e a s i l y  
accomplished s o l u t i o n  i s  t o  reduce t h e  MSFN r e c e i v e r  i n p u t  band- 
width t o  some va lue  less than 5.3MHz and thereby  raise t h e  
i n p u t  SNR t o  a va lue  above threshold .  Classic  F M  t heo ry  and 
empi r i ca l  d a t a  provide two t o o l s  t o  al low ha lv ing  t h e  LCRU 
t e l e v i s i o n  t r a n s m i t t e r  power. These are 1) as t h e  r a t i o  of  t h e  
i n p u t  bandwidth t o  ou tpu t  bandwidth i s  reduced, t h e  t h r e s h o l d  
i s  a l so  reduced** and 2 )  t h e  energy of t h e  r f  spectrum of  t h e  
s l o w  scan t e l e v i s i o n  s i g n a l  when d e v i a t i n g  an r f  carrier +l.OMHz 
or m o r e  i s  almost e n t i r e l y  contained wi th in  an r f  bandwidth 

* 
I n  f a c t ,  f r o m  Table I ,  t h e  rece ived  s i g n a l  power a t  a 

s t a t i o n  equipped wi th  a 210 f o o t  diameter  antenna when you 
reduce t h e  LCRU t r a n s m i t t e r  power 3dB i s  -124.5dBW. This i s  
w i t h i n  a h a l f  dB of t h e  s p e c i f i e d  performance f o r  t h i s  channel  
d u r i n g  t h e  Apollo 1 2  mission. (REF: "Communications Systems 
Performance and Coverage Analysis f o r  Apollo 1 2  (H-1  Mission) 
Mission Summary", MSC I n t e r n a l  N o t e  #MSC-00-173, October 31, 
1 9 6 9 )  It a l so  r e p r e s e n t s  a s i g n a l  level t h a t  i s  2.5dB h ighe r  
than  t h a t  implied as t h e  minimum requ i r ed  by t h e  LCRU Request 
f o r  Proposal .  

. * *  _ _  .. 
Downing, J. J.,  Modulation Systems and Noise, P r e n t i c e  

H a l l ,  1 9 6 4 .  
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equa l  t o  t w i c e  t h e  devia t ion .  Thus, i f  a 2.5MHz* bandpass 
f i l t e r  w e r e  added i n  f r o n t  of the ground s t a t i o n  demodulator, 
i t e m  9 of Table I would become 11.9dB and wi th  a 3dB reduc t ion  
of LCRU t r a n s m i t t e r  power, t h e  rece ived  s i g n a l  power would 
become 8.9dB. This should be 1-2dB above th re sho ld  and should 
provide an output  v ideo  peak-to-peak t o  r m s  n o i s e  r a t i o  of 
32.8dB.** 

The second a l t e r n a t i v e  of reducing t h e  LCRU t e l e v i s i o n  
t r a n s m i t t e r  power t o  f i v e  w a t t s  whi le  i n c r e a s i n g  t h e  e q u i v a l e n t  
antenna diameter  t o  42 inches  w i l l  p rovide  t h e  same performance 
a s  t h a t  shown i n  Table I. The pena l ty  a s s o c i a t e d  wi th  t h i s  
op t ion  i s  t h e  l a r g e r  antenna a p e r t u r e  r equ i r ed  and t h e  some- 
what m o r e  d i f f i c u l t  antenna po in t ing  problem. I f  it is  assumed 
t h a t  t h e  LCRU, when used f o r  t e l e v i s i o n ,  w i l l  always be c a r r i e d  
on t h e  Lunar Roving Vehicle ( L R V ) ,  t h e  o r i g i n a l  d e s i r e  of  
e l i m i n a t i n g  a bulky antenna t h a t  has  t o  be t r a n s p o r t e d  manually 
t ends  t o  go away. It  i s  recognized t h a t  t h e  l o c a t i o n  of a 30 
o r  42  i nch  antenna on t h e  LRV may a l s o  be a problem; it seems 
t o  m e ,  through, t h a t  t h i s  problem deserves  some reeva lua t ion .  
I f  t h e  a s t r o n a u t  is  t o  g e t  off  t h e  LRV t o  aim t h e  antenna toward 
e a r t h ,  r e g a r d l e s s  of  s i z e ,  a 4 2  i nch  antenna (3dB beamwidth of  
8O) m a y  n o t  be much more d i f f i c u l t  t o  p o i n t  than a 30 inch  
antenna (3dB beamwidth of 1 2 O ) .  

I n  summary, it would s e e m  t h a t  t h e  p r i c e  of  a bandpass 
f i l t e r  a t  a few s t a t i o n s  of t he  MSFN would be a r e l a t i v e l y  l o w  
p r i c e  t o  pay t o  lower t h e  thermal r a d i a t i o n  requirements  of t h e  
LCRU, as w e l l  as poss ib ly  reducing t h e  b a t t e r y  requirement ( t h e  
b a t t e r y  requirement w i l l  be a func t ion  of t h e  t e l e v i s i o n  usage 
du ty  c y c l e ) .  The f i r s t  a l t e r n a t i v e  I have proposed h e r e  
a c t u a l l y  provides  t e l e v i s i o n  performance which exceeds Apollo 
s p e c i f i e d  requirements.  T h i s  assumes t h e  LCRU parameters  are 

* 
A 2.5MHz bandwidth could be t o o  narrow f o r  t h e  spectrum 

of t h e  s l o w  scan black and white t e l e v i s i o n  s i g n a l  ( i .e .  0.625 
frames/second) i f  t h e  LCRU F M  t r a n s m i t t e r  i s  n o t  provided wi th  
d c  response.  DC response is requi red  or  t h e  apparent  peak-to- 
peak d e v i a t i o n  w i l l  be g r e a t e r  than t h a t  s p e c i f i e d  because of 
t h e  a d d i t i o n  of t h e  r e s i d u a l  input  vo l t age  l e v e l  a t  t h e  
modulator t o  t h e  normal  voltage change when a scene change 
from black  t o  whi te  (or vice ve r sa )  occurs .  (See: MSC Report 
E B 2 0 0 4 ( U ) ,  "A Communications Performance Evaluat ion f o r  t h e  
Reference Lunar Landing Mission", January,  1 9 6 9 )  

** 
32.8dB SNR (P-P/rms) i s  4.8dB above t h e  SNR requ i r ed  by 

t h e  Apollo Performance and I n t e r f a c e  S p e c i f i c a t i o n .  
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maximum-loss or minimum-gain type parameters. 
alternative* would provide the current (2-3-701 desired 
performance with the same potential benefits as alternative 
one if a slightly larger dish can be accommodated on the LRV. 

The second 

2 0 34-RLS-mbr 

Attachment 
Table I 

R. L. Selden 

* 
A third alternative might be to rely entirely on 210 foot 

antennas on earth. This would probably require a great deal of 
coordination to obviate conflicts, but would probably allow the 
"Vtransmitter power to be reduced to something less than five 
watts. I would not recommend this as a design approach. 
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